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© A wafer table includes a wafer holding surface

for holding a wafer by attraction; a flow passageway

through which a temperature adjusting medium can

be flown to remove any heat in the wafer table; a

temperature measuring system for measuring the

temperature of the wafer held by the wafer holding

surface; a temperature adjusting system disposed

between the wafer holding surface and the flow

passageway; a temperature setting system for set-

ting a temperature related to the wafer held by the

wafer holding surface; a flow rate controlling system

for controlling the flow rate of the temperature ad-

justing medium to be circulated through the flow

passageway; and a temperature controlling system

for controlling the operation of th temperature ad-

justing system related to heat, on the basis of a

value set by the t mp rature setting system and a

value measured by the temperature measuring sys-

tem.
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WAFER TABLE AND EXPOSURE APPARATUS WITH THE SAME

FIELD OF THE INVENTION AND RELATED ART

This invention relates to a wafer table having a

carrying surface for carrying a wafer and an expo-

sure apparatus with the same, wherein the wafer

table has a function for controlling the temperature

of the wafer placed on the carrying surface.

In a semiconductor lithographic process, an

exposure apparatus is used to expose a wafer to a

mask with an appropriate exposure energy to

thereby transfer a pattern, formed on the mask,

onto the wafer. In such lithographic process, it is

necessary to exactly control the temperature of a

wafer, in order to assure that the pattern of a mask

is transferred to the wafer at high precision. This is,

in one aspect, for preventing thermal distortion of

the wafer due to temperature rise of the same
during the exposure operation by the exposure

energy and, in another aspect, for removing any

process distortion as disclosed in Japanese Laid-

Open Patent Application, Laid-Open No. Sho 53-

15768, wherein the temperature of a wafer is con-

trolled so as to correct, before start of exposure,

any magnification error through thermal contraction.

Conventionally, the temperature of a wafer is

controlled by flowing a temperature adjusting fluid,

such as a constant temperature water, through the

inside of a wafer carrying table.

SUMMARY OF THE INVENTION

With this method, however, the passage of the

constant-temperature water through the passage-

way in the wafer table does transmit disturbance to

the wafer table and, as a result of which, the wafer

table itself vibrates. This leads to a possibility of

degradation of the resolution or the positioning

accuracy.

Further, the tendency to miniaturization of a

pattern to be transferred has forced control of the

wafer temperature in an order of tO.Ot (deg) and,

therefore, the temperature control of the wafer for

the temperature adjustment has to bear a large

burden.

ft is accordingly an object of the present inven-

tion to provide a wafer table and/or an exposure

apparatus with the sam , which is effective to pre-

vent vibration of th wafer table du to the flow of

constant temperature water and, aiso, which is ef-

fective to reduce the burden in r gard to the tem-

perature control of the constant temperature water.

Iri accordance with an aspect of the present

invention to achieve the above object, there is

provided a wafer table including temperature con-

trolling means for controlling the temperature of a

wafer placed on the table, a flow passageway for

circulating a temperature adjusting medium for re-

s moving, outwardly, any heat of the wafer table

and/or the temperature controlling means, and flow

rate controlling means for adjusting the flow rate of

the temperature adjusting medium.

In accordance with another aspect of the

70 present invention, there is provided an exposure

apparatus with a wafer table, such as a photolithog-

raphic exposure apparatus, an x-ray exposure ap-

paratus, an electron beam pattern drawing appara-

tus or the like. In such exposure apparatus, during

75 the wafer exposure operation or the alignment and

exposure operation, flow rate controlling means op-

erates to reduce the flow rate of the temperature

adjusting medium such that any vibration resulting

from the flow of the temperature adjusting medium

20 is not substantially influential to the exposure preci-

sion or the alignment precision.

In this structure, for exposure or pattern draw-

ing of a wafer or, alternatively, for positioning of the

wafer, the temperature of the wafer is controlled

25 only by the temperature controlling means or, alter-

natively, by the combination of the temperature

controlling means and the temperature adjusting

medium whose flow rate is restricted by the flow

rate controlling means to a level not causing the

30 effect of vibration. As a result, the exposure or

pattern drawing, or, the positioning of the wafer can

be executed precisely, without being influenced by

the vibration. The temperature control of the wafer

through the temperature controlling means may be

35 effected, for example, by transmitting the heat of

the wafer to the flow passageway side, for circula-

tion of the temperature adjusting medium or, alter-

natively, by heating the wafer. In any way, the

temperature control is effected relatively finely and

40 exactly. During a time period other than that for the

exposure or pattern drawing of the wafer or the

positioning of the same, a small vibration does not

cause any inconvenience. Accordingly, the flow

rate controlling means uses a sufficient flow rate of

45 the temperature adjusting medium to discharge the

heat accumulated in the wafer table by the expo-

sure or the like. Accordingly, with the present in-

vention, the exposure process of a wafer can be

executed while assuring the temperature control

so and the vibration prevention at the same time.

These and other objects, features and advan-

tages of the present invention will become more

apparent upon a consideration of the following de-

scription of the preferred mbodiments of the

present inv ntion taken in conjunction with the ac-
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companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic and diagrammatic view

of an exposure apparatus with a wafer table,

according to an embodiment of the present in-

vention.

Figure 2 is a flow chart, for explaining the opera-

tion of the Figure 1 embodiment.

Figure 3 is a schematic and diagrammatic view

of an exposure apparatus with a wafer table,

according to another embodiment of the present

invention.

Figure 4 is a schematic and diagrammatic view

of an exposure apparatus with a wafer table,

according to a further embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODI-

MENTS

Rgure 1 schematically illustrates a step-and-

repeat type exposure apparatus with a wafer table,

according to an embodiment of the present inven-

tion. In Rgure 1, denoted at 1 is an exposure

radiation energy such as light or X-rays, for exam-

ple, supplied from an exposure radiation source

100; at 2 is a shutter for defining a desired expo-

sure time; at 3 is a mask; and at 4 is a wafer. The

mask 3 and the wafer 4 are disposed opposed to

each other and substantially in parallel to an X-Y

plane, with a small gap maintained therebetween.

The irradiation of the mask 3 and the wafer 4 with

the exposure radiation energy 1 is controlled by

opening/closing of the shutter 2. Denoted at 5 is a

wafer table for holding the wafer 4 thereon. The

wafer table is provided with vacuum grooves 6 for

holding by vacuum the wafer 4 on its wafer holding

surface, a Peltier device 7 effective to transmit the

thermal energy produced inside the wafer table by

the exposure radiation rays 1 to a constant tem-

perature water side, a flow passageway 8 for cir-

culating a constant temperature water for removing

the heat from the Peltier device 7, and a tempera-

ture detector 9 for detecting the temperature of the

wafer 4. Denoted at 10 and 11 are an outlet port

and an inlet port for the constant temperature wa-

ter, respectively, provided on the wafer table 5; at

13 is a constant temperature water circulating de-

vice for circulating the constant temperatur water;

and at 12 is a flow rate controlling valve for control-

ling the flow rat of the constant temperature water.

The flow rat of the constant temperature water

from the circulating device 13 is controlled by the

flow rate controlling valve 12 and, thereafter, the

water is supplied from the inlet 11 into the wafer

table 5. From the wafer table 5, the water is flown

through the outlet 10 back to the circulating device

13. Denoted at 14 is a shutter drive for actuating

the shutter 2; and at 15 is a shutter control for

5 controlling the opening/closing of the shutter 2 to

thereby control the amount of exposure of the

mask 3 and the wafer 4 to the exposure radiation

rays 1 and to control the transfer of a pattern of the

mask 3 to the wafer 4. The exposure apparatus of

to the illustrated embodiment is of step-and-repeat

type, and in response to completion of exposure of

a certain zone of the wafer 4, the wafer 4 is

displaced with the wafer table 5 along the X-Y

plane by a predetermined distance so that the next

is zone of the wafer 4 is placed at the exposure

station. Such step-and-repeat movement is repeat-

ed until ali the zones of the wafer are exposed.

Denoted at 16 is a temperature measuring portion

for measuring the temperature by use of the tem-

20 perature detector 9. Denoted at 17 is an actuator

for the Peltier device 7; at 18 is a Peltier device

control; at 19 is a flow rate controller for controlling

the flow rate controlling valve 12; and at 20 is a

central processing unit (CPU) for controlling various

25 controllers as mentioned above. Also, denoted at

25 is a wafer table drive, including an X-Y stage of

well-known type, for moving the wafer table 5 in

the X-axis and Y-axis directions for the alignment

of the wafer 4 with the mask 3 and/or for the step-

so and-repeat exposures of the wafer 4.

The operation of the above-described structure

will be explained.

Rrst, as the information for the control of the

wafer temperature, the temperature of the wafer 4

35 is measured by the temperature detector 9, and a

signal representing the result of measurement is

transmitted from the temperature measuring portion

16 to the Peltier device controller 18. In response

to reception of the signal, the Peltier device con-

40 trailer 18 actuates the Peltier device 7 through the

actuator 17, such that the heat at the wafer 4 side

of the Peltier device 7 is transmitted to the con-

stant temperature water side, whereby the tem-

perature of the wafer 4 is controlled to and kept

45 always at a predetermined temperature (for exam-

ple, 23 ± 0.01
'
C).

On the other hand, the constant temperature

circulating device 13 supplies a constant tempera-

ture water whose temperature is controlled to a

so predetermined, for example, 23.1 ± 0.1
-

C. The

supplied constant temperature water is introduced

from the flow rate controlling valve 12 and through

the inlet 1 1 , Into the flow passageway 8, and re-

moves the heat at the bottom side of the Peltier

55 device 7 (a side thereof remote from the wafer 4).

After this, th water is discharged through the

outlet 10 back to the constant water circulating

d vice 13.

3
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The circulation of the constant temperature cir-

culating water is stopped during the exposure pe-

riod of the mask 3 and the wafer 4 to the exposure

radiation rays 1 and, also, during the alignment

period for the mask 3 and the wafer 4. During a

time period other than those, for example, during

the stepwise movement period of the wafer 4 or

replacement of the wafer 4 on the wafer table 5,

the circulation of the constant temperature water is

executed. Hereinafter, such a period will be re-

ferred to as a "non-exposure period".

During the exposure period, the circulation of

the constant temperature water is stopped. How-

ever, by the actuation of the Peltier device 7, the

temperature of the wafer 4 can be maintained

constant Also, since the circulation of the constant

temperature water is stopped at this time, substan-

tially no vibration occurs in the wafer table 5. It is

to be noted however that any heat produced at this

time by the irradiation with the exposure radiation

rays 1 is not discharged outwardly of the wafer

table 5 by the constant temperature water. As a

result, the temperature at the bottom side of the

Peltier device 7 increases. In consideration thereof,

during a non-exposure period after completion of

the exposure of a current zone and before start of

the exposure or the alignment of the next zone of

the wafer, the CPU 20 supplies an instruction sig-

nal to the controller 19 so as to decrease the

temperature at the bottom side of the Peltier device

7 back to the temperature substantially the same

as that as assumed before the exposure operation

or, alternatively, to a predetermined temperature

substantially the same as that of the wafer 4, and

through the flow rate controller 19 and thus the flow

rate adjusting valve 12, controlled flow rate of the

constant temperature water is flown.

Next, the sequence of the exposure operation

will be explained by reference to the flow chart of

Figure 2. When the exposure sequence starts, first

the circulation of the constant temperature water by

the circulating device 13 is stopped (step a ). This

is done by stopping the operation of the circulating

device 13 and/or by closing the flow rate adjusting

valve 12. Subsequently, the position of the wafer

table 5 is adjusted by the wafer table drive 25 (step

b) so as to assure that the pattern of the mask 3

can be transferred to a predetermined site on the

wafer 4. After this, the shutter 2 is opened for a

predetermined time period, and the exposure starts

(step c). After elapse of the predetermined time for

exposure of the mask 3 and the wafer 4, the

shutter 2 is closed and the exposure is finished

(st p d). After this, the circulation of the constant

temperature wat r by the circulating device 13 is

started (step e). This is done by re-starting the

operation of the circulating device 13 and/or by

opening the flow rate adjusting valve 12. Subse-

quently, the wafer table 5 is moved stepwise by the

wafer table drive 25 along the X-Y plane through a

predetermined distance (step f), to allow exposur

of th n xt zone of the wafer 4. Then, the se-

5 quence goes back to step a and a simitar exposure

operation is repeated until The exposures of all the

zones of the wafer 4 are completed.

During the execution of the above-described

exposure operation sequence, as described, the

w Peltier device 7 is actuated continuously so as to

maintain the wafer 4 constantly at a predetermined

temperature.

While the foregoing description has been made

of an example wherein the circulation of the water

75 is stopped during the alignment operation period

and the exposure operation period, the circulation

of the constant temperature water itself may be

executed provided that it does not produce vibra-

tion of the wafer table 5 of a degree influential to

20 the alignment precision for the mask 3 and the

wafer 4 or the resolution of the pattern transferred

from the mask 3 to the wafer 4. In that occasion,

the flow rate of the constant temperature water

from the circulating device 13 is controlled by the

25 opening/closing of the flow rate controlling valve

12, in such manner that a high flow rate is provided

during the non-exposure period and a low flow rate

is provided during the exposure period or the align-

ment period.

30 Figure 3 shows another embodiment of the

present invention, wherein denoted at 21 is a tem-

perature detector for measuring the temperature of

the constant-temperature water within the flow pas-

sageway 8 as formed in the wafer table 5. The

35 measured value is transmitted through the tem-

perature measuring portion 22 to the CPU 20. The

structure of the remaining part of this embodiment

is essentially the same as that of the Figure 1

embodiment.

40 In the structure described above, after comple-

tion of the exposure at step d in Figure 2, in a

processing step corresponding to the above-de-

scribed step e an instruction signal is supplied by

the CPU 20 to the flow rate controller 19 to ensure

45 that the temperature of the constant temperature

water inside the wafer table 5 is controlled to a

predetermined temperature, namely, the tempera-

ture as measured by the temperature detector 21

becomes equal to the predetermined temperature.

so In response, through the flow rate controller 19, the

flow rate adjusting valve 12 is opened or closed,

whereby the quantity of the constant temperatur

water supplied to the waf r table 5 is adjusted. It is

to b noted h re that the higher the temperatur as

55 measured by the detector 21 after completion of

the exposure is, the larger the opening of th flow

rate adjusting valve 12 as instructed from the CPU
20 to the control! r 19 is. This is for the reason

4
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that, if th temp ratur of the circulating water after

completion of exposure is high, it is d sirable to

increase the flow rate to remov the heat from the

wafer table 5 quickly. When th temperature mea-

suring portion 22 discriminates through the tem-

perature detector 21 that the temperature of the

circulating water in the wafer table 5 has come to

the predetermined temperature, CPU 20 operates

to start the exposure sequence at step a in Figure

2.

In this occasion, however, it is not always nec-

essary that the predetermined temperature set to

the constant temperature water within the wafer

table 5 is equal to the predetermined temperature

set to the wafer 4. Also, it is not always necessary

that the temperature of the constant temperature

water as circulated from the circulating device 13 is

equal to the set temperature of the wafer 4.

For example, when the set temperature of the

wafer 4 is 23 ± 0.01
*
C, a constant temperature

water of 22 ± 0.1
" C may be supplied from the

constant temperature water circulating device 13. In

this occasion, when the shutter 2 is closed and the

exposure radiation rays 1 do not impinge on the

wafer 4, it is possible that the temperature of the

wafer 4 is lower than the set temperature (23 ±

0.01

In consideration thereof, in this occasion, the

polarity of the Peltier device 7 may be inverted so

that the Peltier device may operate as a heater to

increase the temperature of the wafer 4 to the

predetermined. Then, since, in response to the

start of exposure, thermal energy is applied to the

wafer 4 by the exposure radiation rays 1, the

Peltier device 7 may be operated as a heat pump

to discharge the heat at the wafer 4 side to the

constant temperature side in the flow passageway

8, to thereby prevent temperature rise in the wafer

4.

The temperature of the constant temperature

water within the wafer table 5, as measured by the

temperature detector 21, is fed back to the circulat-

ing device 13 and, in response, the circulating

device 13 controls the temperature of the water,

being supplied therefrom, so as to assure that the

water as it is within the wafer table 5 has a tem-

perature equal to a predetermined temperature.

Figure 4 shows a further embodiment wherein

the Peltier device 7 is replaced by a heater 23. The

remaining part of this embodiment is essentially

the same as that of the Rgure 1 embodiment

In this embodiment, the temperature of the

constant temperature wat r is determined so that

when the circulation of the constant temperature

water through the circulating device 13 is stopped

and when the heater 23 is not actuated, a wafer 4

is maintained during the exposure period at a tem-

perature not higher than a s t t mp ratur of 23

°C. For example, if the temperature rise of the

wafer 4 during the exposure period is 1 .5 (deg), the

temperature of the constant temperature water to

be supplied from the constant temperature water

s circulating device 13 is set to a level (e.g. 21 C),

lower than 21.5 °C. Then, the heater 23 is en-

ergized during the exposure period of the wafer 4

so as to assure that the wafer 4 is maintained

throughout the exposure period (from the start to

10 the end of the exposure) constantly at the set

temperature of 23 ± 0.01 * C. More specifically, if,

just after start of the exposure, the temperature of

the wafer 4 is not increased to the set temperature

only by the application of the energy with the

is irradiation of the exposure radiation rays 1 ,
the heat

generation of the heater 23 is increased to attain

the set temperature of the wafer 4. As the total

exposure amount of the wafer 4 with the irradiation

by the exposure radiation rays 1 increases, with the

20 lapse of time, the temperature of the wafer 4 rises

and, therefore, the heat generation of the heater 23

is reduced gradually, whereby even just before

completion of the exposure, the wafer 4 can be

retained at the set temperature. The circulation of

25 the constant temperature water during the expo-

sure period and the non-exposure period, is the

same as that of the Figure 1 embodiment.

While the foregoing description has been made

to examples wherein a Peltier device or a heater is

30 used as a temperature controlling means for the

constant temperature circulating water, in place of

such devices, a temperature controlling means,

such as a heat pipe, for example, of the type in

which any vibration thereof is very small and can

35 be disregarded as compared with that to be pro-

duced by circulation of the constant temperature

water, may effectively be used. Also, it is not

always necessary to use the water as the heat

removing means for discharging the heat of the

40 wafer table 5 outwardly, and any other cooling

medium may be used.

Further, while in the preceding embodiments,

description has been made to an example wherein

the wafer temperature during the exposure period

45 is controlled to a constant level, since with the

wafer table of the present invention the tempera-

ture of the wafer 4 can be set during the exposure

period at a desired level substantially without vibra-

tion, the wafer table of the present invention can be

so effectively used in such system wherein means is

provided to change the temperature of a wafer for

expansion/contraction of the wafer so as to correct

the distortion of the wafer, if any, produced during

a process other than the exposure process, such

55 as disclosed in the aforementioned Japanese Laid-

Open Patent Application, Laid-Open No. Sho 53-

15768 for example.

Further, the invention is not limited to a wafer

5
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table in a photolithographic apparatus, but it is

effectively applicable also to a wafer tabl in an
apparatus, such as an electron beam pattern draw-

ing apparatus, wherein precise positioning is re-

quired.

With the provision of a temperature controlling

means for precisely controlling the temperature of

a wafer substantially without vibration and a tem-
perature controlling means capable of removing,

outwWdly, the heat in the wafer table as supplied

from the outside, and of controlling the flow rate of

the medium in accordance with the state of expo-

sure, in the present invention, it is possible to

maintain the wafer temperature at a desired level

and, additionally, it is possible to prevent degrada-

tion of the pattern printing precision due to vibra-

tion during the exposure period. As a result the

wafer processing such as high-precision patterning

thereof, for example, is ensured.

While the invention has been described with

reference to the structures disclosed herein, it is

not confined to the details set forth and this ap-

plication is intended to cover such modifications or

changes as may come within the purposes of the

improvements or the scope of the following claims.

Claims

1. A wafer table, comprising:

a wafer holding surface for holding a wafer by
attraction;

a flow passageway through which a temperature

adjusting medium can be flown to remove any heat

in said wafer table;

temperature measuring means for measuring the

temperature of the wafer held by said wafer holding

surface;

temperature adjusting means disposed between
said wafer holding surface and said flow passage-

way;

temperature setting means for setting a tempera-

ture related to the wafer held by said wafer holding

surface;

flow rate controlling means for controlling the flow

rate of the temperature adjusting medium to be
circulated through said flow passageway; and

temperature controlling means for controlling the

operation of said temperature adjusting means re-

lated to heat, on the basis of a value set by said

temperature setting means and a value measured
by said temperature measuring means.

2. A wafer table according to Claim 1, further

comprising a temperature sensor disposed in said

flow passageway, for measuring the temperature of

the temperatur adjusting medium in said flow pas-

sageway, wherein the temperature of the tempera-

ture adjusting medium in said flow passageway can

be adjusted to a predetermined level on the basis

of a value measured by said temp rature sensor.

3. A waf r table according to Claim 2, wherein said

temperature adjusting means includes on of a

5 Peltier device and a heating device.

4. A wafer table according to Claim 1, wherein the

temperature of the temperature adjusting medium
is set at a level lower than a temperature set by
said temperature setting means to the wafer.

70 5. A wafer table according to Claim 4, wherein said

temperature adjusting means includes a heating

device for heating the wafer held by said wafer

holding surface.

6. An exposure apparatus for exposing a wafer with

is radiation, said apparatus comprising:

a table having a holding surface, for holding the

wafer by attraction;

a flow passageway through which a temperature

adjusting medium can be flown to remove heat in

20 said table;

temperature measuring means for measuring the

temperature of the wafer held by said holding sur-

face;

temperature adjusting means disposed between

25 said holding circuit and said flow passageway;

temperature setting means for setting a tempera-

ture related to the wafer held by said holding

surface;

flow rate controlling means for controlling the flow

30 rate of the temperature adjusting medium to be
circulated through said flow passageway; and
temperature controlling means for controlling the

operation of said temperature adjusting means re-

lated to heat, on the basis of a value set by said

35 temperature setting means and a value measured
by said temperature measuring means.

7. An apparatus according to Claim 6, wherein said

flow rate controlling means operates to increase

the flow rate of the temperature adjusting medium
40 at least in a part of a period in which the wafer is

not exposed with the radiation, as compared with

that when the wafer is exposed with the radiation.

8. An apparatus according to Claim 7, wherein said

temperature adjusting means is effective to less

45 produce vibration of said table, than the tempera-

ture adjusting medium being circulated produces.

9. An exposure method for exposing a wafer with

radiation, said method comprising the steps of:

attracting and holding a wafer onto a wafer holding

so surface of a table;

adjusting the temperature of the wafer held by the

wafer holding surface, by means of a temperature

adjusting device disposed between the wafer hold-

ing surface and a passageway through which a

55 temperature adjusting medium is flown for removal

of heat in the table; and

supplying, after the exposure of the wafer with the

radiation, an increased flow rate of the temperature
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adjusting medium through the passageway as com-

pared with the flow rate during the exposure of the

wafer with the radiation.

10. A method according to Claim 9, wherein the

temperature adjusting device is controlled on the 5

basis of a measured value from a wafer tempera-

ture measuring device, for measuring the tempera-

ture of the wafer held by the wafer holding surface,

and a set value from a temperature setting device

for setting the temperature related to the wafer held w
by the wafer holding surface.

11. A method according to Claim 10, wherein a

temperature sensor is provided in the flow pas-

sageway, for measuring the temperature of the

temperature adjusting medium in the flow passage- is

way, and wherein the temperature of the tempera-

ture adjusting medium in the flow passageway is

controlled to a predetermined level on the basis of

a value measured by the temperature sensor.

12. A method according to Claim 11, wherein the 20

temperature adjusting device uses at least one of a

Peltier device and a heating device.

13. A method according to Claim 10, wherein the

temperature of the temperature adjusting medium

is set at a level lower than a temperature set by the 25

temperature setting device to the wafer.

14. A method according to Claim 13, wherein the

temperature adjusting device uses a heating device

for heating the wafer held by the wafer holding

surface. 3°

15. An apparatus or method for controlling the

temperature of a predetermined location, in which a

heat transfer medium is provided to flow past the

vicinity of the location, and a controllable tempera-

ture adjusting means is provided in the vicinity of 35

tho location to control the temperature at the loca-

tion.

16. An apparatus or method according to claim 15

in which the heat transfer medium flows past the

vicinity of the location only intermittently, and the 40

termpature adjusting means controls the tempera-

ture of the location while said flow is not taking

place.

17. An apparatus or method according to claim 15

or claim 16 in which the temperature adjusting 4s

means acts to vary the amount of heat in the

vicinity of the said location.

18. An apparatus or method according to claim 15

or claim 16 in which the temperature adjusting

means acts to transfer heat between the heat trans- so

fer medium and the said location.
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